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Abstract
Recent measurement of time dependent asymmetries in B → φK are indicative of a
new source of CP violation. We examine squark mixing in SUSY as this new source,
and using QCD improved factorization method to describe B → φK decay, find the
allowed range of parameter space for ρ and ψ, the magnitude and phase of the down
type LR(RL) squark mixing parameter δbsLR(RL). We then studyB → φK∗ and calculate
the expected CP asymmetries in the same range of parameter space. We find that this
asymmetry is in the range 15% to 20% for acceptable value of B → φK∗ branching
ratio. We also predict the helicity dependent CP asymmetries in the same parameter
space.
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1 Introduction
Time dependent asymmetries measured in the decay B → φKS both by BaBar and Belle
collaborations [1, 2, 3, 4] show significant deviation from the standard model and this has
generated much theoretical speculation regarding physics beyond the standard model [5-20].
In the standard model, the process B → φKS is purely penguin dominated and the leading
contribution has no weak phase. The coefficient of sin(∆mBt) in the asymmetry therefore
should measure sin 2β, the same quantity that is involved in B → ψKS in the standard
model. The most recent measured average values of asymmetries are [4, 21]
SψKS = 0.734± 0.055
SφKS = −0.15± 0.33 (1)
The value for SψKS agrees with theoretical expectation from the CKM matrix of SψKS =
sin 2β = 0.715+0.05−0.045 [22]. This leads to the conclusion that CP phase in B − B¯ mixing is
consistent with the standard model. The deviation in the φKS is intriguing because a penguin
process being a loop induced process is particularly sensitive to new physics which can
manifest itself in a loop diagram through exchange of heavy particles. In this article we will
consider effects arising from non universal squark mixing in the second and third generation of
the down type squarks in supersymmetric theory as the origin of additional contributions to
the amplitude within the mass insertion approximation scheme. In particular, the exchanges
of gluinos (g˜) and squark (q˜) with left-right mixing can enhance the Wilson coefficient of
the gluonic dipole penguin operator O8g by a factor of mg˜/mb compared with the standard
model prediction and we take into account its effect on the process B → φKS. In our
analysis we take the B − B¯ mixing phase the same as in the standard model as required by
ψKS data, and permitted in SUSY by requiring that the first and third generation squark
mixing to be small. We study B → φK in QCD improved factorization scheme (BBNS
approach ) [23]. This method incorporates elements of naive factorization approach (as its
leading term ) and perturbative QCD corrections (as sub-leading contributions) and allows
one to compute systematic radiative corrections to the naive factorization for the hadronic B
decays. Recently several studies of B → PV , and specifically B → φK have been performed
within the frame work of QCD improved factorization scheme [24-28]. In our analysis of
B → φK, we follow [28] which is based on the original paper [23]. In this analysis, we
only consider the contribution of leading twist meson wave functions, and also neglect the
weak annihilation contribution which are expected to be small. Both these introduce more
model dependence in the calculation through the parameterization of an integral, which is
1
otherwise infrared divergent.
In supersymmetry, assuming masses of squarks (q˜) and gluinos (g˜), the new source of
CP violation can be parameterized by the complex quantity δbsLR(RL) written in the form
ρeiψ We identify the region in ρ − ψ plane allowed by the experimental data on B → φK
time dependent asymmetries SφKS and CφKS and the branching ratio. This allowed region
is dependent of the QCD scale µ, therefore we illustrate the region for two values of µ = mb
and mb/2. The same contribution should also be present in other penguin mediated process.
We study the effect of LR(RL) mass insertion to the B → φK∗ decay mode which is also
a pure penguin process using QCD improved factorization method. We then estimate the
branching ratio B(B → φK∗) and the CP asymmetry ACP in the parameter space of δbsLR(RL)
allowed by B → φK data. In this vector vector final state, one can also construct more CP
violating observables [30]. We compute these observables in the same range of parameter
space as that allowed by B → φK.
2 CP Asymmetry of B → φK
The time dependent CP asymmetry of B → φKS is described by :
AφKS(t) =
Γ(B0(t)→ φKS)− Γ(B0(t)→ φKS)
Γ(B0(t)→ φKS) + Γ(B0(t)→ φKS)
(2)
= −CφKS cos(∆mBt) + SφK sin(∆mBt) (3)
where SφK and CφKS are given by
SφK =
2Im λφKS
1+ | λφKS |2
, CφKS =
1− | λφKS |2
1+ | λφKS |2
(4)
and λφKS can be expressed in terms of decay amplitudes:
λφKS = −e−2iβ
M(B0 → φKS)
M(B0 → φKS) (5)
The branching ratio and the direct CP asymmetries of both the charged and neutral
modes of B → φK have been measured [1, 2, 3, 4, 21, 31]:
B(B0 → φKS) = (8.0± 1.3)× 10−6 (6)
B(B+ → φK+) = (9.4± 0.9)× 10−6, (7)
SφKS = +0.45± 0.43± 0.07 (BaBar); (8)
2
scale C1 C2 C3 C4 C5 C6
µ = mb/2 1.137 -0.295 0.021 -0.051 0.010 -0.065
µ = mb 1.081 -0.190 0.014 -0.036 0.009 -0.042
C7/αem C8/αem C9/αem C10/αem C7γ C8g
µ = mb/2 -0.024 0.096 -1.325 0.331 -0.364 -0.169
µ = mb -0.011 0.060 -1.254 0.223 -0.318 -0.151
Table 1: Standard model Wilson coefficients in NDR scheme.
= −0.96± 0.50+0.09−0.11 (Belle); (9)
CφKS = −0.19± 0.30 (10)
ACP (B+ → φK+) = (3.9± 8.8± 1.1)% (11)
3 The exclusive B → φK decay
In the standard model, the effective Hamiltonian for charmless B → φK(φK∗) decay is given
by [23]
Heff = −GF√
2
VtbV
∗
ts
[
C1(µ)O1(µ) + C2(µ)O2(µ) +
10∑
i=3
Ci(µ)Oi(µ) + C7γO7γ + C8gO8g
]
(12)
where the Wilson coefficients Ci(µ) are obtained from the weak scale down to scale µ by
running the renormalization group equations. The definitions of the operators can be found
in Ref.[23]. The Wilson coefficients Ci can be computed using different schemes [32]. In this
paper we will use the NDR scheme. The NLO values of Ci(i = 1 − 10) and LO values of
C7γ , C8g respectively at µ = mb/2 and mb used by us based on Ref.[23] are shown in Table 1.
4 B → φK in the QCDF Approach
In the QCD improved factorization scheme, the B → φK decay amplitude due to a particular
operator can be represented in following form :
< φK | O | B >=< φK | O | B >fact
[
1 +
∑
rnα
n
s +O(ΛQCD/mb)
]
(13)
where < φK | O | B >fact denotes the naive factorization result. The second and third term
in the bracket represent higher order αs and ΛQCD/mb correction to the hadronic transition
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amplitude. Following the scheme and notations presented in Ref.[28, 29], we write down the
B → φK amplitude in the heavy quark limit.
M(B+ → φK+) =
M(B0 → φK0) = GF√
2
m2BfφF
B→K
1 (m
2
φ)VpbV
∗
ps [a
p
3 + a
p
4 + a
p
5
−(a
p
7 + a
p
9 + a
p
10)
2
+ ap10a
]
(14)
where p is summed over u and c. The coefficients api are given by
au3 = a
c
3 = C3 +
C4
Nc
[
1 +
CFαs
4π
(Vφ +Hφ)
]
,
ap4 = C4 +
C3
Nc
[
1 +
CFαs
4π
(Vφ +Hφ)
]
+
CFαs
4πNc
P pφ ,
au5 = a
c
5 = C5 +
C6
Nc
[
1 +
CFαs
4π
(−12− Vφ)
]
,
au7 = a
c
7 = C7 +
C8
Nc
[
1 +
CFαs
4π
(−12− Vφ −Hφ)
]
,
au9 = a
c
9 = C9 +
C10
Nc
[
1 +
CFαs
4π
(Vφ +Hφ)
]
,
au10 = a
c
10 =
[
1 +
CFαs
4π
(Vφ +Hφ)
]
,
au10a = a
c
10a =
CFαs
4πNc
Qφ (15)
with CF = (N
2
c − 1)/2Nc and Nc = 3. The quantities Vφ, Hφ, P pφ and Qpφ are hadronic
parameters that contain all nonperturbative dynamics.
Vφ = −12 ln µ
mb
− 18 + f Iφ,
f Iφ =
∫ 1
0
dxg(x)Φφ(x); g(x) = 3
1− 2x
1− x ln x− 3iπ,
Hφ =
4π2
Nc
fBfK
FB→K1 (0)m
2
B
∫ 1
0
dz
ΦB(z)
z
∫ 1
0
dx
ΦK(x)
x
∫ 1
0
dy
Φφ(y)
y
,
P pφ = C3 [Gφ(ss) +Gφ(sb)] + C2Gφ(sp) + (C4 + C6)
b∑
f=u
G˜φ(sf) + C
eff
8g Gφg
Qφ = (C8 + C10)
3
2
b∑
f=u
efGφ(sf ) + C9
3
2
[esGφ(ss) + ebGφ(sb)]
Gφ(s) =
2
3
− 4
3
ln
µ
mb
+ 4
∫ 1
0
dx Φφ(x)
∫ 1
0
du u (1− u) ln [s− u(1− u)(1− x)]
G˜φ(s) = Gφ(s)− (2/3)
Gφg = −
∫ 1
0
dx
2
(1− x)Φφ(x) (16)
4
where, si = m
2
i /m
2
b . Here, Vφ represent contributions from the vertex correction and Hφ
correspond to hard gluon-exchange interactions with spectator quarks. P pφ and Q
p
φ represent
QCD penguin contributions. We neglect order αem EW penguin corrections to ai. fB, fK
are the B and K meson decay constants and FB→K1 denotes the form factor for B → K
transitions. ΦB(z),ΦK(x), and Φφ(y) are the B,K, and φ meson wave functions respectively.
In this analysis we take following forms for them [28]
ΦB(x) = NB x
2 (1− x)2 exp
[
−m
2
Bx
2
2ω2B
]
,
ΦK,φ(x) = 6 x (1− x) (17)
where, NB is a normalization factor satisfying
∫ 1
0 dx ΦB(x) = 1, and ωB = 0.4.
For the sake of completeness, we give the branching ratio for B → φK decay channel in
the rest frame of the B meson.
BR(B → φK) = τB
8π
| Pcm |
m2B
| M(B → φK) |2 (18)
where, τB represents the B meson lifetime and the kinematical factor | Pcm | is written as
| Pcm |= 1
2mB
√
[m2B − (mK +mφ)2] [m2B − (mK −mφ)2] (19)
5 SUSY gluino contributions to B → φK
In order to study the new physics contribution to the CP violating phase of amplitude
M(B → φK), we compute the effect of flavor changing contribution to B → φK arising
from q− q˜− g˜ interactions in supersymmetric theory under the mass insertion approximation
scheme [33, 34]. In this approximation, the flavor changing contribution is parameterized in
terms of δijAB = ∆
ij
AB/m˜
2, where, ∆ represents the off-diagonal entries of the squark mass
matrices, m˜ is an average squark mass, A,B = L,R and i, j are the generation indices.
The LR(RL) mass insertion can enhance the Wilson coefficients C7γ and C8g by a factor
of mg˜/mb compared to the standard model contribution. This leads to a strong limit of
order O(10−2) on the LR(RL) insertions | δbsLR(RL) | from the B(B → Xsγ) [34, 35] while
the limit on the LL and RR ones is rather mild [34, 35]. Thus, although larger values for
LL and RR mixings are allowed, when one considers B → φK, the effect of their mixings
are only significant in the parameter space where the squark and gluino masses are at the
edge of their experimental constraints [17]. Motivated by this fact, we only concentrate on
LR(RL) down type squark mixing in hereafter. Thus, the new physics effect is very sensitive
to δbsLR(RL).
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In general, these contributions LR(RL) can generate gluonic dipole interactions with
the same as well as opposite chiral structure as the standard model. In our analysis we
will consider each of them separately. Furthermore we will only consider the gluonic dipole
moment operator, which is the dominant operator for this process.
The effective Wilson coefficient for CSUSY8g obtained in the mass insertion approximation
is given by for the same chiral structure as the standard model [36, 37]
CSUSY8g (mq˜) = −
√
2παs
GF (VubV ∗us + VcbV
∗
cs)m
2
g˜
δbsLR(RL)
mg˜
mb
G(x) , (20)
with
G(x) =
x
3(1− x)4
[
22− 20x− 2x2 + 16x ln(x)− x2 ln(x) + 9 ln(x)
]
, (21)
where x = m2g˜/m
2
q˜ is the ratio of the gluino and squark mass.
Using the renormalization group equation one can evolve the coefficient CSUSY8g from the
high scale mq˜ to the scale mb relevant for B → φK decay [36]
CSUSY8g (mb) = ηC
SUSY
8g (mq˜) , (22)
with
η = (αs(mq˜)/αs(mt))
2/21 (αs(mt)/αs(mb))
2/23 (23)
One can obtain CSUSY8g for opposite chirality, by adding one more operator similar to O8g
with (1 + γ5) → (1 − γ5) and δbsLR → δbsRL. However, in B → φK process, both LR and RL
contribute with the same sign because B and K parity are both 0−, and the process is parity
conserving.
The effective Wilson coefficient Ceff8g is defined as C
eff
8g = C8g + C
SUSY
8g . This effective
Ceff8g will contribute to the amplitude M(B → φK) through the function P pφ of Equation
16. Ceff8g depends on the magnitude and phase of the (δ
bs
LR(RL)), value of squark mass (mq˜)
and the ratio x (= m2g˜/m
2
q˜). The variation of C
eff
8g with x is determined by the function
| G(x) | as shown in Figure 1. From this Figure, it is clear that SUSY gluino contribution
to B → φK first increases with increase in x, and then after some value of x = 0.5, it starts
decreasing asymptotically with further increase in x.
The different input parameters and their values used in numerical calculation of branching
ratio and CP asymmetries are summarized in the Appendix. We treat the internal quark
masses in the loops as constituent masses rather than current quark masses [38]
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5.1 LR(RL) mixing
In this section we study the effect of LR(RL) mixing in B → φK process. This LR(RL)
mixing of the down type squark sector can also affect the B → γXs process and Bs − B¯s
mixing. Hence we need to take into account the limit on LR(RL) mixing parameter δbsLR(RL)
from the above two experimental data in the present analysis. In the first case, it has been
shown in Ref. [34] that from the measurement of B(B → γXs) one gets | δbsLR(RL) |< 1.0×10−2
and 3.0 × 10−2 for x = 0.3 and 4 respectively, with mq˜ = 500 GeV. It is interesting to note
that the lower the x value stronger the limit on | δbsLR(RL) |, which can be explained by the x
dependent behavior of the CSUSY7γ .
The current experimental data on Bs − B¯s mixing is ∆Ms > 14.4 ps−1 ( at 95% C.L.)
[39]. We have found that the LR(RL) mixing does not change the value of ∆Ms significantly
from the standard model prediction in the allowed range of | δbsLR(RL) |.
In our analysis we consider mq˜ = 500 GeV and take two values of x = 0.3 and 4.0, which
will determine the gluino masses. In Figure 2 we show the 1σ allowed region in ρ− ψ plane
from B → φK data on SφK , CφK and B. The gray band indicate the parameter space which
is allowed by SφK . The area outside the two dotted contours is allowed by CφK , while the
area enclosed by the solid curves is allowed by the B(B → φKS) measurement. The region
(marked by Z) in gray band enclosed by the solid curves is the only parameter space left in
ρ− ψ plane which is allowed by the experimentally measured SφK , CφK and B within 1σ.
The Figures 2(a) and (b) , correspond to contour plots for x = 0.3 and 4.0 respectively
at the scale µ = mb. For x = 0.3, we get two allowed regions each at positive and negative
values of the new phase ψ. On the other hand for x = 4.0, we get only one allowed region
which lies at the negative value of ψ and at much higher value of ρ > 2.2 × 10−2. We have
noticed before that the constraint on LR(RL) mixing parameter from the B(B → Xsγ) is
stronger at x = 0.3 compared to the limit at x = 4.0. This behavior is also reflected in the
B → φK process, where we find that, for x = 4.0, the 1σ constraint from SφK , CφK and B
is much weaker compared to the constraint shown in Figure 2(a) correspond to x = 0.3.
Similar allowed regions are shown in Figure 2(c) for a different choice of the QCD scale
µ = mb/2. One can see that the allowed parameter space does depend on µ. In this case,
both the allowed regions are confined at the positive value of ψ. For x = 4.0 ( Figure 2(d)),
there are no allowed regions. From the SφK and branching ratio contour one can see that
the allowed region from B → φK require some higher value of ρ which lies beyond B → Xsγ
limit.
Before we conclude this section, we would like to compare our predictions with some of
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the existing literatures on B → φK process [10, 11, 17].
We agree qualitatively with the results of Ref.[11, 17] in places where we overlap. Similar
to our approach, both of these analyses were based upon the QCD improved factorization
scheme. However, there are some quantitative differences between these papers and our
analysis. For example, we differ in the choice of squark and gluino masses, the authors of
the above two papers considered degenerate squark and gluino masses, whereas we have
considered non-degenerate squark-gluino masses. We have fixed the squark mass at 500
GeV and considered two values of the gluino masses, determined by the parameter x defined
earlier. Secondly, we have performed our analysis for two values the QCD scale, µ = mb/2
and mb. Our results depend strongly on the choice of the ratio x and also on the scale
µ. However, in a broad sense, we do agree that to satisfy B → φK data, one requires
| δbsLR(RL) |∼ 10−3 − 10−2.
In Ref.[10], authors made a detailed investigation of a scenario in which the LR and RR
operators co-exist. Moreover, because of the large mixing, the calculation was done in the
mass eigenbasis with more model dependence than ours. It has been shown in this analysis
that RR insertion (which arises due to a large mixing between s˜R and b˜R) could show sizable
effect on SφK , but only for very light gluino mass, near the experimental bound. Such a
large RR mixing also modify ∆Ms significantly which can be observed at the Tevatron Run
II. In their second case, they have the combination of both large right-right and left-right
squark mixing (LR + RR). In this case the squark and gluinos could be sufficiently heavy
to have no significant enhancement of the ∆Ms.
From our analysis we observe that SUSY leads to a comprehensive understanding of
B → φKS data though in a very limited parameter space of δbsLR(RL). In rest of the paper we
now explore the consequence of such LR(RL) mixing of squarks in the B → φK∗ process.
6 B → φK∗ decay
In this section we will study the effect of LR(RL) mixing of down type squarks to B → φK∗
process through the gluonic dipole moment operator C8g. We will study the B → φK∗
process by using the QCD improved factorization. Using this method one can compute
nonfactorizable corrections to the above process in the heavy quark limit. Recently the
B → V V process has been computed using QCD improved factorization method [40]. In
rest of analysis we will follow Ref. [40].
The most general Lorentz invariant decay amplitude for the process B → V V can be
8
Branching ratio Data Weighted average
B+ → φK∗+ BaBar
(
12.1+2.1−1.9 ± 1.5
)
× 10−6
CLEO
(
10.6+6.4+1.8−4.9−1.6
)
× 10−6 (9.9± 1.23)× 10−6
Belle (9.4± 1.1± 0.7)× 10−6
B¯0 → φK¯∗0 BaBar
(
11.1+1.3−1.2 ± 1.1
)
× 10−6
CLEO
(
11.5+4.5+1.8−3.7−1.7
)
× 10−6 (10.6± 1.3)× 10−6
Belle
(
10+1.6+0.7−1.5−0.8
)
× 10−6
Table 2: Experimental data of B → φK∗ decays from BaBar [43], CLEO [44] and Belle [45]
and their weighted average.
expressed as
M(B(pB)→ V1(ǫ1, p1)V2(ǫ2, p2)) ∝ ǫ∗µ1 ǫ∗ν2
[
agµν + bpBµpBν + icǫµναβp
α
1 p
β
2
]
(24)
where the coefficients c correspond to the p-wave amplitude, and a, b to the mixture of s and
d wave amplitudes. Using these a, b and c coefficients one can construct the three helicity
amplitudes:
H00 =
1
2mV1mV2
[
(m2B −m2V1 −m2V2)a+ 2m2Bp2cmb
]
H±± = a∓mBpcmc (25)
where pcm is the center of mass momentum of the vector meson in the B rest frame and
mV1(mV2) is the mass of the vector meson V1(V2). These helicity amplitudes H00 and H±±
can be related to the spin amplitudes in the transverse basis (A0, A||, A⊥) defined in terms
of linear polarization of the vector mesons:
A0 = H00
A|| =
1√
2
(H++ +H−−)
A⊥ =
1√
2
(H++ −H−−) (26)
The decay rate can be written as
Γ(B → V1V2) = pcm
8πm2B
[
| H00 |2 + | H++ |2 + | H−− |2
]
(27)
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Neglecting the annihilation contributions (which are expected to be small) to B → φK∗,
H00 and H±± are given by:
H00 =
GF√
2
an(φK∗)fφ
2mK∗
[(
m2B −m2K∗ −m2φ
)
(mB +mK∗)A
BK∗
1 (m
2
φ)−
4m2Bp
2
c
mB +mK∗
ABK
∗
2 (m
2
φ)
]
H±± =
GF√
2
an(φK∗)mφfφ
[
(mB +mK∗)A
BK∗
1 (m
2
φ)∓
2mBpc
mB +mK∗
V BK
∗
(m2φ)
]
(28)
where, an(φK∗) = an3 + a
n
4 + a
n
5 − (an7 + an9 + an10)/2. The effective parameters ai appearing
in the helicity amplitudes H00 and H±± are given by
an3 = C3 +
C4
Nc
+
αs
4π
CF
Nc
C4F
n
an4 = C4 +
C3
Nc
+
αs
4π
CF
Nc
{
C3[F
n +Gn(sq) +G
n(sb)]− C1
(
λu
λt
Gn(su) +
λc
λt
Gn(sc)
)
+(C4 + C6)
b∑
i=u
Gn(si) +
3
2
(C8 + C10)
b∑
i=u
eiG
n(si) +
3
2
C9[eqG
n(sq)− 1
3
Gn(sb)] + C
n
effgG
n
g
}
,
an5 = C5 +
C6
Nc
+
αs
4π
CF
Nc
(−F n − 12)
an7 = C7 +
C8
Nc
+
αs
4π
CF
Nc
C8(−F n − 12)− α
9π
NcC
n
e
an9 = C9 +
C10
Nc
+
αs
4π
CF
Nc
C10F
n − α
9π
NcC
n
e
an10 = C10 +
C9
Nc
+
αs
4π
CF
Nc
C9F
n − α
9π
Cne (29)
where λq = VqbV
∗
qq′, q
′ = d, s and the superscript n denotes the polarization state of the
vector mesons, with n = 0 for helicity 00 states and n = ± for helicity ±± states. Note that
cneffg which is the combined Wilson coefficient of the SM and SUSY corresponding to the
gluonic dipole moment operator depends on n, because both odd and even parity transitions
are allowed. The QCD penguin loop functions Gn(s) are give by
G0(s) =
2
3
− 4
3
ln
µ
mb
+ 4
∫ 1
0
dxΦV‖ (x)
∫ 1
0
du u(1− u) ln[s− xu(1− u)],
G±(s) =
2
3
− 4
3
ln
µ
mb
+ 4
∫ 1
0
dx g
(v)
⊥ (x)
∫ 1
0
du u(1− u) ln[s− xu(1− u)] (30)
∓ 1
2
∫ 1
0
dx
g
(a)
⊥ (x)
x
∫ 1
0
du u(1− u)
{
− 2 ln µ
mb
+ ln[s− xu(1− u)] + xu(1− u)
s− xu(1− u)
}
.
Similarly we also have leading EW penguin-type diagrams induced by the operators O1 and
O2:
Cne =
(
λu
λt
Gh(su) +
λc
λt
Gh(sc)
)(
c2 +
c1
Nc
)
. (31)
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The dipole operator Og will give a tree-level contribution proportional to
G0g = −2
∫ 1
0
dx
ΦV‖ (x)
x
, G±g = −2
∫ 1
0
dx
g
(v)
⊥ (x)
x
+
1
2
(1∓ 1
2
)
∫ 1
0
dx
g
(a)
⊥ (x)
x
. (32)
The vertex correction F n as two contributions, the hard scattering function fnI and f
n
II from
hard spectator interactions with a hard gluon exchange between the vector meson and the
spectator quark of the B meson.
F n = −12 ln µ
mb
− 18 + fnI + fnII , (33)
with
f 0I =
∫ 1
0
dxΦV‖ (x)
(
3
1− 2x
1− x ln x− 3iπ
)
,
f±I =
∫ 1
0
dx g
(v)
⊥ (x)
(
3
1− 2x
1− x ln x− 3iπ
)
, (34)
The hard spectator interaction is given by (V1: recoiled meson, V2: emitted meson):
f 0II =
4π2
Nc
2fBfV1mV1
h0
∫ 1
0
dρ¯
ΦB(ρ¯)
ρ¯
∫ 1
0
dη¯
ΦV1‖ (η¯)
η¯
∫ 1
0
dξ
ΦV2‖ (ξ)
ξ
,
f±II = −
4π2
Nc
fBf
T
V2
mBh±
2(1∓ 1)
∫ 1
0
dρ¯
ΦB(ρ¯)
ρ¯
∫ 1
0
dη¯
ΦV1⊥ (η¯)
η¯2
∫ 1
0
dξ g
V2(v)
⊥ (ξ)
+
4π2
Nc
2fBfV1mV1
m2Bh±
∫ 1
0
dρ¯
ΦB(ρ¯)
ρ¯
∫ 1
0
dη¯ dξ
{
g
V1(v)
⊥ (η¯)g
V2(v)
⊥ (ξ)
ξ + η¯
ξ η¯2
±1
4
g
V1(v)
⊥ (η¯)g
V2(a)
⊥ (ξ)
ξ + η¯
ξ2 η¯2
∓ 1
4
g
V1(a)
⊥ (η¯)g
V2(v)
⊥ (ξ)
2ξ + η¯
ξη¯3
}
, (35)
where
h0 = (m
2
B −m2V1 −m2V2)(mB +mV1)ABV11 (m2V2)−
4m2Bp
2
cm
mB +mV1
ABV12 (m
2
V2
),
h± = (mB +mV1)A
BV1
1 (m
2
V2
)∓ 2mBpcm
mB +mV1
V BV1(m2V2), (36)
where, the asymptotic form of the leading twist (ΦV|| (x),Φ
V
⊥(x)) and twist-3 LCDAs (g
(a,v)
⊥
for the vector meson are defined as [41]
ΦV|| (x) = Φ
V
⊥(x) = g
(a)
⊥ = 6x(1− x)
g
(v)
⊥ =
3
4
[
1 + (2x− 1)2
]
, (37)
and the B meson wave function ΦB(x) is defined in Section 4. The expression f
±
II contains
logarithmic and linear divergent terms arising from the dominance of soft gluon interac-
tions of the spectator quark. Hence, the factorization breaks down at twist-3 order for
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x (ρ, ψ) BSUSY (in units of 10−6) ACP (in %)
(0.4× 10−2, -0.5) 23.37+4.88−4.42 (21.76+4.56−4.13) −4.7(−4.4)
0.3 (0.4× 10−2, -0.7) 21.50+4.49−4.06 (20.17+4.22−3.83) −7.0 (−6.5)
(0.6× 10−2, 1.5) 27.46+5.75−5.2 (26.82+5.62−5.08) 17.7 (15.7)
(2.4× 10−2,−0.5) 24.33+5.08−4.6 (22.65+4.75−4.3 ) −4.7 (−4.4)
4.0 (2.6× 10−2, -0.45) 26.98+5.6−5.1 (25.11+5.27−4.76) −4.2 (−3.9)
(2.8× 10−2, -0.8) 25.31+5.3−4.8 (23.87+5.01−4.52) −8.0 (−7.5)
Table 3: B(B+ → φK∗+) and ACP (B+ → φK∗+) at the QCD scale µ = mb for LR mass
insertion for selected points in the allowed ρ − ψ space. The numbers in the parenthesis
correspond to the RL mass insertion. The standard model branching ratio corresponding to
this scale is (6.18+1.29−1.15)× 10−6. The errors are due to ±10% theoretical uncertainties in the
calculation.
transversely polarized vector mesons. We parameterize these divergent integrals in the form
(1+ ρb exp iφb) lnmB/ΛQCD, with an arbitrary phase φb and ρb ≤ 1. In our analysis, we take
ρb = 1 and φb = 20
o. In our computation of branching ratio and asymmetry we use LCSR
models for heavy to light form factors both at non-zero and zero momentum transfer [41].
Our choices of input parameters are summarized in the Appendix.
In Table 2, we display the experimentally (BaBar, CLEO and Belle) measured branching
ratios and the weighted averaged values for theB+ → φK∗+ and B¯0 → φK¯∗0. The theoretical
predictions in the SM for two different form factor models, the LCSR and BSW models are
given in Ref.[40].
6.1 LR(RL) mixing contributions to B → φK∗
In this section we will study the effect of LR(RL) mixing in B → φK∗ process. This LR(RL)
mass insertion can enhance the Wilson coefficient C8g by a factor of mg˜/mb compared to the
standard model contribution in the same way as shown in section 5 for B → φK process.
Hence, one need to impose the constrain on LR(RL) mixing from experimentally measured
B(B → Xsγ) and also from SφK , CφK and B(B → φK) as obtained section 5.
In this scenario, the new weak phase ψ, (the phase of the LR(RL) mixing ) will contribute
to direct CP-violating asymmetry ACP defined as :
ACP = Γ(B
+ → φK∗+)− Γ(B− → φK∗−)
Γ(B+ → φK∗+) + Γ(B− → φK∗−) (38)
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x (ρ, ψ) BSUSY (in units of 10−6) ACP (in %)
(0.55× 10−2, 1.8) 31.83+6.6−6.0 (32.45+6.7−6.1) 19.39+0.01−0.02 (16.17+0.05−0.07)
0.3 (0.82× 10−2, 2.8) 14.50+3.04−2.74 (21.62+4.44−4.02) 20.2 (10.96+0.06−0.08)
(0.82× 10−2, 2.9) 12.39+2.59−2.34 (19.82+4.05−3.67) 15.73 (8.04+0.05−0.06)
Table 4: B(B+ → φK∗+) and ACP (B+ → φK∗+) at the QCD scale µ = mb/2 for LR mass
insertion for selected points in the allowed ρ − ψ space. The numbers in the parenthesis
correspond to the RL mass insertion. The standard model branching ratio corresponding to
this scale is (14.92+3.08−2.78)× 10−6. The errors are due to ±10% theoretical uncertainties in the
calculation.
in terms of partial widths. Recently BaBar and Belle Collaboration has presented their
measurement of CP violating asymmetries for B0 → φK∗0 and B± → φK∗± [43, 45]
ACP (B¯0 → φK¯∗0) = 0.04± 0.12± 0.02, 0.07± 0.15+0.05−0.03 (39)
ACP (B± → φK∗±) = +0.16± 0.17± 0.04, − 0.13± 0.29+0.08−0.11 (40)
where, in each asymmetry result, the first number correspond to the BaBar data while the
second one correspond to Belle measurement. The standard model value for this asymmetry
is less than 1%. The new physics (SUSY) contributions from the new penguin operator
appeared due to LR(RL) mixing (δbsLR(RL)) can modify the sign and magnitude of ACP (B± →
φK∗±) within the allowed parameter space of δbsLR(RL).
To get the numerical values of B(B+ → φK∗+), and ACP (B+ → φK∗+), we fix x = 0.3
and 4.0. Then for a given QCD scale µ, we select some points in the allowed parameter space
of ρ − ψ plane (as marked by Z in Figure 2) for both values of x. In this computation, we
include (±10%) theoretical uncertainties arising mainly from two sources. First, the different
form factors, whose numerical values are highly model dependent. In our analysis we consider
LCSR model [41], instead of BSW model [42]. Secondly, while computing the hadronic
matrix element using the QCD improved factorization method, one encounters linear and
logarithmic divergent terms. These divergent integrals are regularized by introducing some
phenomenological parameters as explained earlier. However, these divergent integrals appear
only in the transverse helicity amplitudes, whose contributions are small. Allowing for ±10%
variation in the input values estimates the probable error due to these sources.
In Table 3, we present the branching ratio B(B+ → φK∗+) and the CP rate asymmetry
A(B+ → φK∗+) for µ = mb and selected values of x = 0.3 and 4.0 for values of ρ and ψ
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allowed by B → φKS data for LR mass insertion (RL is shown in the parenthesis). The
branching ratio with SUSY turn out to be much higher than the standard model value of
6.18+1.29−1.15, which is lower than the experimental data (Table 2). Even the lower range of
theory prediction is much higher than the upper range of experimental data within 1σ. The
rate asymmetry has much less error and is consistently within the range ∼ −4% to ∼ 18%.
Similarly in Table 4, we show B and ACP calculated for QCD scale µ = mb/2. In this
case, there are two allowed regions from the combined B → φK and B → Xsγ constraints
corresponding to x = 0.3. For x = 4.0, there are no allowed regions from B → φK data. The
standard model branching ratio is much larger compared to the one computed at µ = mb.
In SUSY, apart from the QCD scale µ, the branching ratio also depend on the values of ρ
and ψ. Moreover, the selected points in ρ − ψ plane are different in the two cases. In the
case, with µ = mb/2, and at ρ = 0.82 × 10−2 and ψ = 2.8, 2.9 radians, with LR mixing,
lower ranges of the theory predictions are consistent with the upper range of experimental
data at one sigma. For the other value of ρ and ψ, the theoretical prediction for branching
ratio is much higher than the standard model theory as well as experimental data. With RL
mixing, the predicted branching ratio is much larger compared to both the standard model
prediction and experimental data. The asymmetries for both LR and RL mixing case are
always positive with less errors.
We conclude that for some selected points in ρ − ψ plane allowed by B → φK and
B → Xsγ at µ = mb/2 provide a satisfactory understanding of B → φK∗ process. We also
note that, at µ = mb the SUSY contribution to the branching ratio of B → φK∗ is too large
to be consistent with the experimental data.
We have also studied other CP violating asymmetries that can arise in vector-vector final
state. The set of observables are defined in terms of A0, A|| and A⊥ as follows [30].
Λλ =
|Aλ|2 + |A¯λ|2
2
, Σλλ =
| Aλ |2 − | A¯λ |2
2
,
Λ⊥i = − Im
(
A⊥A
∗
i − A¯⊥A¯∗i
)
, Λ||0 = Re
(
A||A
∗
0 + A¯||A¯
∗
0
)
,
Σ⊥i = −Im
(
A⊥A
∗
i + A¯⊥A¯
∗
i
)
, Σ||0 = Re
(
A||A
∗
0 − A¯||A¯∗0
)
,
ρ⊥i = Re
(
q
p
[
A∗⊥A¯i + A
∗
i A¯⊥
])
, ρ⊥⊥ = Im
(
q
p
A∗⊥A¯⊥
)
,
ρ||0 = −Im
(
q
p
[
A∗||A¯0 + A
∗
0A¯||
])
, ρii = −Im
(
q
p
A∗A¯i
)
(41)
where λ = {0, ‖, ⊥} and the observables where i = {0, ‖}, We restrict ourselves to the
study of helicity dependent CP asymmetry defined as Σλλ/Λλλ [30]. For the purpose of
illustration we select last two sample points from the Table 4. At these values of ρ and ψ,
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x (ρ, ψ) Σ00/Λ00 Σ||/Λ|| Σ⊥⊥/Λ⊥⊥
0.3 (0.82× 10−2, 2.8) 0.19± 0.00 0.61+0.009−0.012 0.57+.011−0.013
(0.82× 10−2, 2.9) 0.15± 0.00 0.71+0.020−0.026 0.65+0.022−0.027
Table 5: Helicity dependent CP asymmetry at the QCD scale µ = mb/2 for LR mass
insertion for selected points in the allowed ρ−ψ space. The errors consist of±10% theoretical
uncertainties.
with LR mass insertion, the lower range of the BSUSY is consistent with the upper range
of the experimental data on B(B → φK∗) at one sigma. We then compute Σλλ/Λλλ for
each values of λ for these two sets of ρ and ψ and is shown in Table 5. As before, in this
case also we include ±10% theoretical uncertainties in our calculation. We only show the
helicity dependent asymmetries for LR mass insertion, since with RL mass insertion the
SUSY contribution to the branching ratio is too large to be consistent with the data.
7 Conclusions
In this paper, we study the SUSY contribution to the gluonic dipole moment operator to
B → φKS process. We find that the LR(RL) mass insertion can enhance the gluonic
dipole moment operator significantly. We then use the experimentally measured quantities,
such as SφK , CφK and B(B → φKS) to constrain the parameter space of LR(RL) mixing.
Interestingly, we find that the constraints from B → φK data is consistent with the B → Xsγ
limit. It turns out that the same enhancement of gluonic dipole moment operator can also
affect other penguin dominated process, such as B → φK∗, which is a pure penguin process
like B → φKS. In standard model, the predicted ACP (B → φK∗) is less than 1%, which is
consistent with the measured ACP . In SUSY, with LR(RL) mass insertion, one can have a
new source of CP violation arising from the complex LR(RL) mixing parameter, which can
provide additional contribution to the ACP (B → φK∗). We calculate such asymmetries and
also the branching ratio for the set of parameters allowed by B → φK data. At µ = mb, for
both LR and RL mass insertion, we observe that the predicted branching ratio is well above
the experimentally measured one. However, the ACP (B → φK∗) is consistent with the data.
On the other hand, at the QCD scale µ = mb/2 with LR mass insertion, we find that the
theoretically computed branching ratio is consistent with the data with in one sigma error.
At this second choice of allowed parameter space of δbsLR(RL), we find ACP (B+ → φK∗+)
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in the range 15% to 20%, which is significantly higher than the standard model prediction
but is still consistent with the present data. Finally, we also present helicity dependent CP
asymmetries in the same parameter space of δbsLR.
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8 APPENDIX : Input parameters and different form
factors
In this Appendix we list all the input parameters, decay constants and form factors used for
the calculation of B → φK and B → φK∗.
1. Coupling constants and masses ( in units of GeV ):
αem = 1/129, αs(mZ) = 0.118, GF = 1.16639× 10−5 (GeV)−2,
αs(mZ) = 0.118, mZ = 91.19, mb = 4.88, mB = 5.2787,
mφ = 1.019, mK = 0.493, mK∗± = 0.892
2. Wolfenstein parameters :
λ = 0.2205, A = 0.815, η = 0.324, ρ = 0.224,
3. Constituent quark masses mi(i = u, d, s, c, d)( in units of GeV):
mu = 0.2, md = 0.2, ms = 0.5, mc = 1.5, mb = 4.88.
4. The decay constants (in units of GeV):
fB = 0.19, fφ = 0.237, fK = 0.16, fK∗ = 0.221
5. The form factors at zero momentum transfer :
FB→K1 = 0.33, A1 = 0.331, A2 = 0.283, V = 0.458
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The q2-dependence of A1, A2 and V in the LCSR models is given by :
A1(q
2) = A1(0)/1− 0.6(q2/m2B)− 0.23(q4/m4B)
A2(q
2) = A2(0)/1− 1.18(q2/m2B) + 0.281(q4/m4B)
V (q2) = V (0)/1− 1.55(q2/m2B) + 0.575(q4/m4B) (42)
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Figure 1: Variation of | G(x) | with x(= m2g˜/m2q˜).
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Figure 2: Contour plots of SφK , CφK and B(B → φKS) in ρ − ψ plane for two values of
x = 0.3 (a, c) and 4.0 (b, d) for LR(RL) mixing with mq˜ = 500 GeV. The scale µ = mb for
Figures (a) and (b), while it is mb/2 for Figures (c) and (d). The 1σ allowed regions of SφK ,
B and CφK are two gray bands, area within the solid curves and area outside the two dotted
contours respectively.
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